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1

LINEAR RAIL SYSTEM HAVING PRELOAD
ADJUSTMENT APPARATUS

FIELD OF THE INVENTION

The present invention generally relates to sliding
mechanisms, and more particularly relates to linear sliding
mechanisms employing rollers which ride upon rails.

BACKGROUND OF THE INVENTION

Linear shides are used for literally thousands of applica-
fions. Some of the most basic applications are found in
conventional furniture drawers wherein the linear slide 1s the
mechanism upon which the drawers slide relative to the
desk, countertop, or the like. In addition to such furniture
applications, linear slides are used 1n a number of industrial
settings, particularly 1n conjunction with machine tools.
Very often a machine bed will need to slide axially back and
forth as the machining operation 1s performed.

With regard to the machine tool application, it can there-
fore readily be seen by one of ordinary skill in the art that
the linear slide mechanism must be fabricated to move along
an axis with practically no play or deflection away from the
axis of the linear slide. Any such play or movement would
necessarily detrimentally effect the machining operation in
that the machining operation 1s typically computer
controlled, and any movement in the linear slide mechanism
would therefore result 1n mis-alignment of the machine tool
and the workpiece.

With that stated as a background, 1t can be seen that one
possible option would be to fabricate the linear slide mecha-
nism such that the axis of the linear slide maintains a very
fight tolerance relative to a desired axis. In other words, the
rails of the slide can be manufactured such that a constant
distance 1s maintained therebetween. However, such an
option 1s obviously difficult to meet and increases the cost of
fabrication. Moreover, the rails must be continually adjusted
as the machine 1s used over time due to misalignment
resulting from heavy loads or shock loads. In addition, the
linear rail system can quite often be deformed due to thermal
expansion of the machine as 1t 1s repeatedly used.

A need therefore exists for a linear slide system which
allows the rollers of the sliding body to maintain constant
engagement with the raceways of the rail system to thereby
ensure that the sliding body linearly translates across the
orven axis with substantially no deflection.

SUMMARY OF THE INVENTION

It 1s therefore a primary aim of the present invention to
provide a linear slide system which enables the sliding body
of the rail system to axially translate across a given axis with
substantially no deflection away from the axis.

It 1s an objective of the present mvention to provide a
linear rail system with improved rigidity and structure to
thereby maintain accuracy of movement under high stress
conditions.

It 1s another objective of the present mnvention to provide
a linear rail system with means for absorbing shock imparted
upon the linear rail due to excessive loads, or abrupt
stoppages or reversals of direction.

It 1s still another objective of the present invention to
provide a linear rail system with a mechanism for ensuring,
parallelism between the opposing raceways of the rail.

In accordance with these aims and objectives, 1t 15 a
feature of the present invention to provide a shiding rail
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system wheremn a moveable body 1s adapted for axial
translation relative to a rail body having first and second
opposed raceways. The moveable body has at least one
roller which 1s biased against a first opposed raceway, at
least one second roller which 1s slidable relative to the
second opposed raceway, and adapted to be fixed 1n position
relative to the second opposed raceway.

It 1s another feature of the present invention to provide the
aforementioned linear rail system wherein the first roller
mechanically biased against the first opposed raceway 1is
biased using an elastomeric material to thereby provide a
shock absorbing device.

It 1s still another feature of the present invention to
provide a linear rail system with a means for monitoring the
relative position of the rollers and adjusting the positions of
the rollers depending on the disposition of the rollers relative
to the first and second opposed raceways.

In accordance with a preferred embodiment of the present
invention, it 1s a feature to provide a sliding rail assembly
comprising an elongated channel, a shide adapted to linearly
translate across the channel, a plurality of rollers attached to
the slide, and a means for adjusting the position of the rollers
relative to the channel. The channel has upper and lower
parallel raceways with the channel defining an elongated
axis. The rollers are attached to the slide and engage the
upper and lower raceways to facilitate the linear translation
of the slide, while the means for adjusting the rollers ensures
engagement of the upper and lower raceways across the
length of the channel.

In accordance with another preferred embodiment of the
present nvention it 1s a feature to provide a mechanism for
adjusting the position of a roller relative to a linear slide
having first and second opposed raceways with the linear
slide defining a longitudinal axis. The mechanism comprises
a slider body adapted to move with the linear slide along the
longitudinal axis, a first roller pivotally attached to the slider
body by a biasing arm, the biasing arm adapted to generate
a force toward the first opposed raceway of the linear slide,
a second roller pivotally attached to the slider body by a
block fitted within a groove of the slider body, the groove
extending transverse to the longitudinal axis, the block
adapted to slide within the groove, and a means for securing
the block and the slider body groove, the means for securing
the block enabling the roller attached to the slider body by
the block to be selectively positioned relative to the second
opposed raceway.

These and other aims, objectives, and features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of the preferred embodiment
of the present 1nvention.

FIG. 2 1s a perspective view of the slider body of the
preferred embodiment of the present invention.

FIG. 3 1s a perspective view of the adjustment block of the
preferred embodiment of the present invention.

FIG. 4 1s a side view of the slider block.

FIG. 5 1s a cross-sectional view of the slider body taken
along line 5—35 of FIG. 2.

FIG. 6 1s an end view of the embodiment shown 1n FIG.

1.

FIG. 7 1s a side view of an alternative embodiment of the
present 1nvention.
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FIG. 8A 1s an end view of the rail prior to the msertion of
the hardened metal raceways.

FIG. 8B 1s an end view of the rail after insertion of the
hardened metal raceways.

FIG. 9A 1s a diagram 1illustrating another embodiment of
the present invention.

FIG. 9B 1s a diagram 1llustrating yet another embodiment
of the present invention.

FIG. 9C 1s a diagram 1illustrating still another embodiment
of the present invention.

While the invention 1s susceptible of various modifica-
tions and alternative constructions, certain 1illustrative
embodiments thereof have been shown in the drawings and
will be described below 1n detail. It should be understood,
however, that there 1S no mtention to limit the invention to
the specific forms disclosed, but on the contrary, the inten-
tion 1s to cover all modifications, alternative constructions
and equivalents falling within the spirit and scope of the
invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the drawings and with particular refer-
ence to FIG. 1, the preferred embodiment of the present
invention 1s depicted as linear slide system 20. As can be
seen from FIG. 1, linear slide 20 primarily consists of linear
rail 22 and shider body 24 which 1s adapted to axially
translate across linear rail 22. One of ordinary skill 1n the art
will readily recognize that a pair of linear rails 22 1s typically
used 1 most applications and provided in opposing orien-
tation. A platform or other article in need of linear movement
can then be attached to the two slider bodies to allow for
reciprocating movement.

However, 1n many applications, i1t 1s necessary that the
article being moved back and forth across the rails 22 be
moved 1n a perfect or substantially perfect plane with
substantially no movement orthogonal to the linear rail.
Since the linear rail 22 1s comprised of an upper raceway 26
and parallel lower raceway 28 any departure of the raceways
from a uniform distance therebetween, will result 1n unde-
sirable orthogonal movement of the slider body 24. Even 1t
the linear rail 22 1s manufactured perfectly, over a period of
fime, the upper raceway 26 and lower raceway 28 can deflect
out of a perfect plane due to excessively high loads, shock
loads, or thermal expansion. The present invention therefore
provides a slider body 24 with a mechanism for ensuring,
contact of the rollers of the slider body with upper raceway
26 and lower raceway 28.

Referring now to FIG. 2, 1t can be seen that in the
preferred embodiment of the present mnvention, slider body
24 accomplishes this objective by providing two rollers 30
which are mechanically biased in a downward direction
indicated by arrow 32 and a middle roller 34 which 1is
adjustable 1n the vertical direction by adjustment block 36.

Turning first to outside rollers 30, it can be seen that each
roller 1s mounted onto shaft 38 with shaft 38 being attached
to slider body 24 by a mechanical spring 40. It 1s to be
understood that this selection of elements 1s only used 1n the
preferred embodiment, and that 1n alternative embodiments,
there are other types of biasing means that can be used to
ogenerate a downward force upon rollers 30. It 1s also to be
understood that 1n the preferred embodiment only three
rollers are used for each slider body 24, but that in alterna-
five embodiments, a different number of rollers can certainly
be employed with equal efficacy using the same basis of the
present mvention.
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Turning now to the structure of adjustment block 36, it
can be seen from FIG. 3 that it 1s a substantially “T”” shaped
block having planar portion 42 and rearwardly extending leg
44. Planar portion 42 1s sized to fit 1nto notch 46 of slider
body 24, while leg 44 1s proportionately smaller 1n size to fit
into vertical slot 48 (FIG. 5). In so doing, adjustment block
36 1s adapted for vertical movement as leg 44 slides within
slot 48. By moving adjustment block 36 1n a vertical
direction, roller 34 1s also moved 1n a vertical direction since

middle roller 34 1s attached to adjustment block 36 using
stud 50. The relative position of adjustment block 36 within
notch 46 can be adjusted using set screws 352. More
specifically, by rotation of one set screw 52 1 a clockwise
direction and the other set screw 52 1n a counter-clockwise
direction, the position of adjustment block 36 can be modi-
fied. The asjustment block 36, and/or the notch 46 and slot
48 may be coated with a substance having a low coeflicient
of friction to facilitate adjustment of the adjustment block
36. For the sake of complete clarity, 1t can be seen from FIG.
5 that a spacer or washer 54 separates roller 34 from
adjustment block 36 and from shider body 24. In alternative
embodiments, position adjustment means other than set
screws can be employed, such as wedges, cams, spacers,
solenoids, piezoelectric mechanisms, rack and pinion and
Springs.

In so doing, the present mnvention provides a mechanism
by which contact between rollers 30 and roller 34 with lower
raceway 28 and upper raceway 26, respectively, can be
ensured regardless of the parallelism between upper raceway
26 and lower raceway 28. Moreover, by attaching rollers 30
to slider body 24 using mechanical springs 40 a certain
degree of elasticity 1s provided which enables the slider
body 24 to absorb considerable shock loads. It 1s to be
understood that while the preferred embodiment uses
mechanical springs 40 manufactured from metal, any type of
clastomeric material can be used provided 1t has sufficient
rigidity to support the weight to be carried by slider body 24.

In addition, by providing middle roller 34 on adjustment
block 36, the entire system 20 can be preloaded to ensure
proper functioning of the system. With the proper amount of
preload, the slide system can add rigidity but still maintain
a smooth actuation and low co-efficient of friction. A prop-
erly set, rigid preload setting 1s difficult to manufacture into
a slide system because of, inter alia, tolerance stack ups, so
a means of adjusting the preload 1s necessary. Moreover, by
providing a small gap between the bottom of the adjustment
block and rolling device the rolling device 1s tightened
against the housing material and not the adjustment block.
This creates a very rigid mount for the rolling device.

Turning now to an alternative embodiment, attention 1s
directed to FIG. 7 which depicts a side view of alternative
slider body 24. The alternative embodiment uses the 1den-
tical adjustment block arrangement discussed above, but
provides a different means for elastically mounting outside
rollers 30. In the alternative embodiment, rollers 30 are
mounted using a coil spring mounted about pivot 58. The
coll spring 60 has first leg 62 adapted to mount first roller 64,
while coil spring 60 also has a second leg 66 for mounting
a third roller 68 as indicated by bi-directional arrows 70.
First roller 64 and third roller 68 are therefore allowed a
certain degree of vertical play to accept fairly substantial

shock loads.

Also 1n the alternative embodiment, a brush 72 1s pro-
vided with abrasive surface 74 to clean rollers 30. It can be
seen that brush 72 1s spring biased toward rollers 30 using
spring 76 to ensure proper and sufficient load against rollers
30 for adequately cleaning purposes. This 1s of importance,
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because as can be seen from FIGS. 5 and 6, cach roller 30
1S provided with an annular groove 78 which 1s sized to
receive hardened raceway insert 80. Any contaminants pro-
vided between the roller and raceway will necessarily effect
the accuracy of the linear slide system 20.

As 1ndicated above, one factor which can effect the
accuracy of the system 20 1s rail misalignment or loss of
parallelism due to use over time. One feature which the
present mvention provides to avoid such expansion 1s the

use of hardened raceway 1nserts 80. In the preferred embodi-
ment of the present invention the raceways are manufactured
of hardened steel while rollers are manufactured with 52100
stecel. Rails 22 are preferably manufactured of 6061-T6
aluminum as are slider bodies 24.

However, to efficiently and economically manufacture the
present invention, FIGS. 8A and 8B depict the manner in
which raceway inserts 80 are inserted into rails 22 in the
preferred embodiment. As can be seen, inserts 80 are sub-
stantially cylindrical but do include a flattened surface 82
such that the diameter of the insert 80 proximate the flat-
tened surface 82 1s less than the opening 84 provided 1n
linear rail 22 to channel 86. In addition, the diameter of
channel 86 1s larger than the diameter of raceway insert 80
even at 1ts largest point to ensure that raceway insert 80 can
fit within channels 86. By viewing FIGS. 8A and 8B, it can
be readily seen by one of ordinary skill in the art that by
rotating raceway 1nsert 80 after insertion into channel 86, the
flattened surface 82 can be made to lie against the basc 88
of channel 86 with narrowed opening 84 retaining the
raceway 80 therein.

In further alternative embodiments, the present invention
can be adapted to provide a sensor to detect the actual
positions of upper raceway 26, lower raceway 28 and roller
34 (or adjustment block 36), and adjust the position of roller
34 via the asjustment block 36 accordingly. In addition, a
temperature sensor, such as a thermocouple can be used to
monitor the temperature of raceways 26 and 28 as well as
that of rollers to position the based on thermal expansion
such that slider body 24 traverses along a substantially
uniform plane. Based upon any of these sensors’ detections,
any of the position adjustment means previously described
may be used to position the roller 34 via adjustment block
36, based upon the sensor. For example, and as shown in
FIG. 9A, the position of the adjustment block 36 may be
monitored and adjusted by computer numerical control. As
shown 1n FIG. 9B, a position sensor can monitor the position
of the roller 34 relative to the upper raceway, and means for
automatically positioning the block can ensure engagement
of the roller 34 to the upper raceway. As shown 1 FIG. 9C,
a temperature sensor may be adapted to monitor the tem-
perature of the rail assembly 20, typically the linear rail 22
or the rollers, and a computer processor may be adapted to
receive a signal from the temperature sensor and direct a
signal to a means for selectively positioning the block 36
depending on the sensed temperature.

From the foregoing, it can therefore be seen that the
present 1nvention provides a new and improved linear slide
system with an apparatus for adjusting the preload on the
slider body rollers. By adequately adjusting the preload, the
slider body will be assured of maintaining a proper plane
during operation even 1if subjected to substantial loads. In
addition, by mounting at least one of the rollers using a
biasing means, the slider body will be able to handle
substantial shock loads as the slider body traverses across
linear rail. Moreover, the provision of hardened metal race-
way 1nserts assist with the parallelism of the upper and lower
raceways over time.
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What 1s claimed 1s:
1. A sliding rail assembly, comprising;:

an elongated channel having upper and lower parallel
raceways, the channel defining an elongated axis;

a slide adapted to linearly translate across the channel;

a first roller attached to the slide and engaging the lower
raceway and a second roller attached to the slide, the
second roller vertically adjustable and engaging the
upper raceway to facilitate the linear translation of the
slide means for adjusting the position of the second
roller relative to the raceways, the adjusting means
fixing the position of the second roller relative to the
slide as the second roller 1s adjusted.

2. The sliding rail assembly of claim 1 wherein the rail
assembly further includes a third roller, wherein the first and
third rollers are mechanically linked to the slide and biased
against the lower raceway of the channel.

3. The rail assembly of claim 1, wherein the upper and
lower raceways include grooves disposed therein, the
ogrooves each having a first width at an opening thereot, and
a second, larger width beyond the opening; and wherein first
and second shafts are provided in the grooves, the shafts
being substantially cylindrically shaped, the diameter of the
cylinder being greater than the first width of the grooves, the
shafts having a flat surface such that the diameter of the shaft
in the area of the flat surface 1s less than the first width of the
ogrooves, the shafts thereby being adapted for insertion into
the grooves along the flat surfaces and being retained in the
gTroOoves upon rotation.

4. The rail assembly of claim 1, wherein the adjusting
means comprises a set screw operatively coupled to the
second roller, the rotation of the set screw vertically adjust-
ing the second roller relative to the upper raceway.

5. The rail assembly of claim 4 wherein the set screw 1s
accessible from one of an upper and lower side of the slide
for adjusting the second roller.

6. The rail assembly of claim 4, wherein the adjusting
means further comprises a second set screw operatively
coupled to the second roller and acting in opposition to the
first set screw, the rotation of the first and second set screws
vertically adjusting the second roller relative to the upper
raceway.

7. The rail assembly of claim 1, wherein the second roller
1s attached to the slide by a block slidably mounted within
a grove of the slide, the groove extending orthogonal to the
clongated axis, the adjusting means operatively engaging the
block.

8. The rail assembly of claim 1, wherein the first roller 1s
mechanically biased against the lower raceway.

9. The rail assembly of claim 8, wherein the first roller 1s
attached to the slide by a mechanical spring which biases the
first roller against the lower raceway.

10. A sliding rail assembly, comprising;:

an elongated channel having upper and lower parallel
raceways, the channel defining an elongated axis;

a slide adapted to linearly translate across the channel;

a plurality of rollers attached to the slide and engaging the
upper and lower raceways to facilitate the linear trans-
lation of the slide, the plurality of rollers including
three rollers, wherein first and third rollers are mechani-
cally linked to the slide and directed against the lower
raceway of the channel, and a second roller 1s provided
between the first and third rollers and mechanically
linked to the slide, the second roller directed against the
upper raceway and wherein the first and third rollers are
substantially fixed in position and attached to the slide
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using mechanical springs, and the second roller 1is
positioned and attached to the slide using an adjustment
block adapted to move 1n a direction orthogonal to the
clongated axis of the channel; and

means for adjusting the position of the rollers relative to
the raceways to ensure engagement with the upper and
lower raceways across the length of the channel.

11. The shiding rail assembly of claim 10 wherein the
adjustment block 1s adapted to be secured 1nto position using
set screws such that the second roller engages the upper
raceway of the slide.

12. The sliding rail assembly of claim 10 wherein the
mechanical springs are elastic to serve as shock absorbing
devices.

13. The sliding rail assembly of claim 10 wherein the
adjustment block 1s held within a groove of the slide, the
ogroove and block being lubricated to facilitate adjustment of
the adjustment block.

14. The sliding rail assembly of claim 10 wherein the
position of the adjustment block 1s monitored and adjusted
by computer numerical control.

15. A mechanism for adjusting the position of a roller
relative to a linear rail having first and second opposed
raceways, the linear rail defining a longitudinal axis, the
mechanism comprising:

a shider body adapted to move relative to the linear rail
along the longitudinal axis;

a first roller pivotally attached to the slhider body by a
biasing arm, the biasing arm adapted to generate a force
toward the first opposed raceway of the linear rail;
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a second roller pivotally attached to the slider body by a
block fitted within a groove of the slider body, the
oroove extending transverse to the longitudinal axis,
the block adapted to slide within the groove; and

means for securing the block 1 the slider body groove,
the means for securing the block enabling the roller
attached to the slider body by the block to be selectively
positioned relative to the second opposed raceway.

16. The mechanism of claim 15 further including a third
roller attached to the slider body by a second biasing arm.

17. The mechanism of claim 15 wherein the biasing arm
1s made of elastomeric material to serve as a shock absorbing
device.

18. The mechanism of claim 15 wherein the adjustment
block 1s lubricated to facilitate the positioning of the adjust-
ment block.

19. The mechanism of claim 15 further including a
position sensor to monitor the position of the second roller
relative to the second raceway and means for automatically
positioning the block to ensure engagement of the block
roller to the second raceway.

20. The mechanism of claim 15 further including a
temperature sensor adapted to monitor the temperature of
the rail and a computer processor adapted to receive a signal

from the sensor and direct a signal to a means for selectively
positioning the block depending on the sensed temperature.
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